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A B S T R A C T
Japanese encephalitis (JE) is a vector-borne zoonotic disease caused by the Japanese encephalitis virus (JEV). It
causes encephalitis in human and horses, and may lead to reproductive failure in sows. The first human en-
cephalitis case in Malaya (now Malaysia) was reported during World War II in a British prison in 1942. Later,
encephalitis was observed among race horses in Singapore. In 1951, the first JEV was isolated from the brain of
an encephalitis patient. The true storyline of JE exposure among humans and animals has not been documented
in Malaysia. In some places such as Sarawak, JEV has been isolated from mosquitoes before an outbreak in 1992.
JE is an epidemic in Malaysia except Sarawak. There are four major outbreaks reported in Pulau Langkawi
(1974), Penang (1988), Perak and Negeri Sembilan (1998–1999), and Sarawak (1992). JE is considered endemic
only in Sarawak. Initially, both adults and children were victims of JE in Malaysia, however, according to the
current reports; JE infection is only lethal to children in Malaysia. This paper describes a timeline of JE cases
(background of each case) from first detection to current status, vaccination programs against JE, diagnostic
methods used in hospitals and factors which may contribute to the transmission of JE among humans and
animals in Malaysia.
1. Introduction
Japanese encephalitis (JE) is a vector-borne zoonotic disease caused
by the Japanese encephalitis virus (JEV), which is spread through the
bite of a Culex spp. mainly Culex tritaeniorhynchus. JE is responsible for
30,000–50,000 cases every year and 10,000 deaths in eastern Asia
(Schuh et al., 2010). JEV is also known as Japanese B encephalitis
(JBV). It was first reported in Japan in 1871 (Go et al., 2014). This virus
causes central nervous system (CNS) disease in human and horses. The
virus is also responsible for abortion and weakness in swine and fatal-
ities in human and horses. Wading birds and bats act as a reservoir
hosts, pigs as amplifying agents, and humans and horses as dead-end
hosts (Schuh et al., 2013b). JEV belongs to the Flavivirus genus, under
the family of Flaviviridae. JE cases have been identified in Asian coun-
tries including Japan, China, South Korea, Taiwan, Vietnam, Malaysia,
India, Burma, Cambodia, Laos, the Philippines, and Sri Lanka. JEV is
classified into five genotypes based on the viral envelope gene; JEV
(GI), JEV (GII), JEV (GIII), JEV (GIV) and JEV (GV) (Schuh et al.,
2013a). All five genotypes have been isolated in the Malaysia-Indonesia
region. JE in Malaysia is considered an important disease among chil-
dren. However, JE is not considered a serious public health problem in
Malaysia, except Sarawak (Fang et al., 1980; Sinniah, 1989). There
have been four main outbreaks of JE reported in Malaysia over the
years: 1974 in Pulau Langkawi; 1988 in Pulau Pinang; 1992 in Serian
Sarawak; and 1998–1999 in Perak and Negeri Sembilan (Fig. 1). Some
clinical studies in Malaysia showed that JE cases are probably more
prevalent than what is reflected in the national figures (Cardosa and
Choo, 1991). From a veterinary perspective, Oda et al. (1996) reported
that serological examination of animal sera from all the states of Ma-
laysia revealed JE antibodies in pigs, cattle and buffalo (Oda et al.,
1996). Similarly, a recent study in companion animals reported a
higher seroprevalence rate in dogs, pigs and cattle in Malaysia (Kumar
et al., 2017). The true incidence of JE in Malaysia is unknown and al-
most certainly underestimated (Tan, 1995). Sporadic cases of JE con-
tinue to occur in Sarawak, indicative of endemic activity, with an
average of greater than 40 recognized cases occurring throughout the
year, with peak occurrences from October to December. JE continues to
be a public health problem in Sarawak. This study reviewed JEV
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literature from 1940 to 2017, focusing on the JEV scenario in Malaysia,
vaccination programs against JE, diagnostic methods used in hospitals
and factors which contribute to the transmission of JE among humans
and animals in Malaysia.
2. Cohort 1: during 1940–1950
JE was officially reported in 1951 in Malaysia, but cases of en-
cephalitis observed among humans and animals indicate that JEV
started spreading much earlier. In Malaysia, JE was initially known as a
‘five-day fever’ and was common in the human population. The first JE
outbreak occurred in 1942, with 37 acute encephalitis cases in a
Japanese prison camp at Changi, Singapore (Cruickshank, 1951). Most
clinical signs include malaise, headache and fever (38–40 °C). The
clinical signs of the prisoners were the same as described in both Indian
and British troops at widely separate parts of the Malayan peninsula.
The first case was reported in the British wing of the prison hospital and
the patient was admitted at the end of March 1942. A huge number of
encephalitis cases were reported in the following year in April and May.
Eight patients died due to encephalitis. However, there was no isolation
of JEV from fatal patients.
Sera samples were collected in the period between 1948–1950 from
Malaysia among five different races including Malay, Indian,
Indonesian, Burmese, and British and were tested for neutralizing
ability against Nakayama strain of JEV. Sixty-four per cent of the 50
sera showed neutralization capabilities against JEV (Paterson et al.,
1952). Most of those seropositive for JE were from rural areas in Ma-
laysia. Only the British adult sera showed negative results, as they had
spent their lives in South East Asia but had lived in Malaysia for only
two years. This indicates that JEV exposure starts early and circulates
among the human population in Malaysia during the 30 s.
In 1948, the first horse encephalitic symptoms were observed in
Singapore (Hale and Witherington, 1953a). This may indicate that the
transmission of JEV started from Singapore then spread to Peninsular
Malaysia. However, no other data is available regarding encephalitis
outbreak among horses in Singapore during 1948. Fig. 2 shows the
overall timeline of JEV infection in Malaysia.
Besides this, Paterson et al. (1952), found JEV antibodies by using
complement fixation and neutralizing antibodies against JEV among
horses that were imported from United Kingdom and Australia into
Malaysia (Paterson et al., 1952). However, JEV seropositive horses in
Malaysia from 1948 to 1950 did not show any signs of encephalitis
(Paterson et al., 1952).
3. Cohort 2: 1951–1960
During the dry season in 1951, an outbreak of encephalitis was
reported among recently imported horses in Malaya at the same time as
human fatal encephalitis at the British Military Hospital, Kinrara (Kuala
Lumpur, Puchong). A British nurse with clinical signs of malaise,
weakness pain over her left face, and headache was admitted to the
Kinrara British Military Hospital, Puchong, Selangor. However, the
nurse died after admission at the hospital. During the autopsy, spinal
fluid and brain tissue were collected. A neutropic agent was isolated
from the brain cells and identified as JEV Kinrara strain (Paterson et al.,
1952). This was Malaysia’s first JEV isolation from a human case.
In August 1951, six race horses in Singapore developed encephalitis;
however, the horses recovered completely after an illness of 4–9 days
(Paterson et al., 1952). The isolation of JEV was unsuccessful from the
ill horses’ sera. However, blood from infected horses was collected and
injected into healthy horses which developed fever and CNS signs after
13 days. Blood and brain tissue were collected from the experimentally
infected horses when sacrificed on the seventeenth day after inocula-
tion. The JEV was still not detected and isolated from the experimen-
tally infected horses’ brain cells.
In 1952, four JEV isolates were obtained from fatal human cases
(Hale et al., 1952). The first case was in Peninsular Malaysia in a 19-
year-old British soldier with encephalitis signs. The solider died three
days after admission to a Federal military hospital. Brain cells were
Fig. 1. The figure shows the map of Malaysia.
The red color States shows high risk areas for
JE where outbreaks have been reported.
Yellow color indicates minor human cases
were reported and blue color indicates no data
available. (For interpretation of the references
to colour in this figure legend, the reader is
referred to the web version of this article).
Fig. 2. Time-line of Japanese encephalitis virus infection in Malaysia.
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harvested during an autopsy. The second case was reported in Singa-
pore and the patient was a nine years old girl who suffers from head-
ache and fever. The girl was admitted at the Singapore hospital; how-
ever the girl died after three hours of admission at the hospital. The
third case was that of a nine year old girl from Singapore with the same
clinical sings as the second case. The patient also died following ad-
mission to the hospital. The fourth case was a five-year-old boy with
critical clinical signs. Clinical signs including clenched teeth and eye
deviation were observed. The patient died after admission to the hos-
pital. The isolation of JEV from four fatal cases is important in the
history of JEV. This is because the fifth genotype of JEV named as Muar
and Tengah strains of JEV were detected from these fatal human cases
(Hale et al., 1952; Okuno et al., 1968).
In 1953, around 60 racehorses showed encephalitis during
1950–1953 in Singapore horse farms (Hale and Witherington, 1953b).
However, only four horses died. Serological studies among those horses
indicated the horses had neutralizing antibodies against JEV antigen.
The post-mortem report showed that the brains of the ill horses had
lesions. There were no attempts at JEV isolation from the dead horses
(Hale and Witherington, 1953b).
Pond et al. (1953), carried out neutralization tests against JEV by
using human sera from 284 residents consisting of Malaysian, Borneo
and non-Asian residents with long and short residence periods in Ma-
laysia and Borneo (Pond et al., 1953). The life-long residents from pe-
ninsular Malaysia showed the highest neutralization rate with 74%
compared to residents who spent less than three year which was only
5% (Pond et al., 1953). At the same time, resident from Borneo region
showed 67% seropositive for JEV Apart from that, in terms of races in
Malaysia, Malays had the highest percentage of neutralizing antibodies
with 81% followed by Indians and Chinese with 74% and 63%, re-
spectively. Borneo residents showed only 31.3% JEV seropositive (Pond
et al., 1953). Non-Asians showed only five per cent seropositive in the
neutralizing test. Concurrently, neutralization tests were carried out
among 64 animals including dogs, cows, buffalo, goats, horses, ponies,
pigs, zebu and sheep from Kuala Lumpur, Johor, Singapore, and Ipoh.
All pig sera recorded high neutralizing indices at 100%, followed by
bovine, equines, dogs, and goats with 93%, 90%, 43% and 17%, re-
spectively. However, sheep did not show any seropositivity against JEV
(Pond et al., 1953). Horses imported from United Kingdom and Aus-
tralia, have JEV antibodies within 6–12 months of residence in Ma-
laysia (Hale and Witherington, 1953a).
JEV was isolated from wild-caught Culex tritaeniorhynchus in 1956.
The mosquitoes were collected from various locations in Malaysia. This
shows that Cx. tritaeniorhynchus may be a potential vector for JEV in
Malaysia (Hale et al., 1957). This is the first isolation of JEV antigen
from wild-caught vector in Malaysia.
From the JEV serological studies in 1957 among domestic livestock
in Malaysia, pigs, bovid, and goats showed 90%, 70% and 25% neu-
tralizing antibodies for JEV, respectively (Smith, 1958). This may in-
dicate that pigs acted as an amplifying host during the early 50s. Si-
multaneously, Smith (1958) also reported higher JEV antibody titers
among human donors from coastal rice plain areas as compared to other
areas like narrow rice valley, coastal swamp, forest fringe and moun-
tains.
4. Cohort 3: 1961–1970
The serological studies against arboviruses among residents in
Malaysia were also reported by Pond (1963). The sera were collected
from residents of a rubber plantation near Kuala Lumpur. Most re-
sidents in this area were Tamil Indians who had migrated from Tamil
Nadu during their youth. Seroprevalence for JEV was higher once
compared to other arboviruses (Pond, 1963).
Concurrently, encephalitis cases were observed among horses in
Ipoh in 1965. Most of the horses showed clinical signs like pyrexia with
42 °C body temperature and neurological signs (Kheng et al., 1968). A
horse that died of JE was imported from Singapore in 1965. Post-
mortem examination of the horse revealed that the cerebral vessels
were highly congested. The brain tissue was collected during autopsy
and JEV antigen was isolated from the brain. This was the first animal
JEV isolated in Malaysia.
The epidemiology of arbovirus studies in Sarawak were carried out
in Kampung Tijirak which is near Land Dayak village. Cohort studies
started from December 1962 to January 1963, April to May 1964 and
September to December 1966. These studies focused mainly on arbo-
virus antibodies in humans, animals, mosquitoe population and isola-
tion of arboviruses from the mosquitoes (Simpson et al., 1970b). In
serological studies, dogs, ducks, birds, geese, rodents, bats, pigs and
fowls were tested. Dogs showed higher seroprevalence rate of 84% in
comparison to other animals, including pigs, birds and ducks, which
showed 46%, 18% and 6% respectively. In terms of isolation of arbo-
viruses, 55 arboviruses including JEV, Tembusu virus, and other ar-
boviruses were isolated from varying mosquito species like Cx. gelidus,
Cx. tritaeniorhynchus, Mansonia uniformis, Mansonia spp., Anopheles spp.
and other species (Simpson et al., 1970b). In a continuation of the study
with virus isolation from mosquito populations from Kampung Tijirak,
another 16 JEV strains were isolated mainly from Culex gelidus and C.
tritaeniorhynchus (Simpson et al., 1970a).
Alongside, a mosquito population study in Tijirak, Land Dayak vil-
lage was carried out to determine the mosquito populations in different
areas. The mosquitos were collected from villages, scrubs, and paddy
areas (Hill, 1970). The study found that Cx. tritaeniorhynchus was the
primary vector biting humans and pigs. Apart from that, is was also
documented that Cx. tritaeniorhynchus was mainly found in villages,
followed by paddy cultivation areas as a primary breeding site (Hill,
1970).
5. Cohort 4: 1971–1980
5.1. Outbreak of Japanese encephalitis in Pulau Langkawi in 1974
Pulau Langawi is located at 6°21′N 99°48′E 30 km near the main-
land coast of north-western Malaysia and is part of the state of Kedah,
which is adjacent to the Thai border. The first JE outbreak reported in
Malaysia was reported in Pulau Langawi. Initially nine cases were re-
ported from Pulau Langkawi, which was reported to the district hos-
pitals at Kangar, Perlis and Alor Star, Kedah (Fig. 3). Two cases out of
nine were excluded from this JE report due to comorbid bacterial me-
ningitis and bronchopneumonia infection (Fang et al., 1980). However,
three additional cases with JE clinical sign brought the total number of
cases reported to ten. All the cases were confined to Pulau Langkawi.
One patient from Palau Tuba was studying at a residential school in
Pulau Langkawi (Fang et al., 1980). There were no other JE cases or
encephalitis symptoms reported in Pulau Tuba. The investigation of
patient included risk factors like household, surroundings, sex-age
distribution, previous movements of the patients to onset of the disease,
and animals present near the household. However, the study focused on
the movement of animals in household to determine amplifier host for
JE cases. Pig farming was not observed in this area due to the Muslim
community. The clinical signs and symptoms were observed among the
patients; all cases reported that the patient had high fever above 40 °C.
In terms of age and sex, two cases were below 5 years old; 2 cases
between 6–10 years old; 3 patients were between 11–20 years; 2 cases
were between 21–40 years; and 1 case was 40 or above (Fang et al.,
1980). Majority of JE cases reported were in males because they are
outside late in the evening and are more exposed to JE virus-infected
mosquitoes. Mostly, water buffaloes, chickens, ducks, cats and dogs are
observed in JE reported areas. Fang and his colleagues also investigated
the mosquito species present in the areas. Various species of mosquitoes
were identified, including Culex annulus, Cx. bitaeniorhynchus, Cx. fus-
coecphalus, Cx. pseudovishnui, Cx. sinensis, Cx. sitiens, Cx. tritae-
niorhynchus, Aedes- albopictus, Armigeres subalbatus and Anopheles-
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barbirostris, korwari, philippenensis, and vagus in JE confirmed areas
(Fang et al., 1980). The outbreak was described based on clinical re-
ports, serological determination, and the presence of mosquito species.
However, the amplifier was not reported in this study and is still un-
known. The most common animals found in this area were water buf-
faloes. However, villagers did not consent to conduct serologic ex-
amination on the buffaloes (Fang et al., 1980). The previous studies
show that some bovine species have shown high percentage of JE an-
tibodies in southern and eastern Indian areas (Carey et al., 1969;
Rodrigues et al., 1976). However, bovine species did not really ex-
perience viremia and were not directly involved in JE transmission.
6. Cohort 5: 1981–1990
6.1. Outbreak of Japanese encephalitis in Penang-1988
In Penang, nine JE cases were confirmed, with four fatal cases
(Cardosa et al., 1995). However, there are no other data regarding the
background and place of victims during JE outbreak in Penang.
7. Cohort 6: 1991–2000
7.1. Serological studies among children in Penang
Serological studies were carried out to determine the presence of
JEV antibodies among children after a JE outbreak in Penang. One
hundred and ninety-five children with central nervous system (CNS)
symptoms and 482 children without CNS symptoms were admitted into
the pediatric ward of Penang Hospital between 1990 and 1992. Out of
195 children, only five children had positive JE IgM antibodies. At the
same time, from 482 non-CNS cases, only 2 had JE IgM antibodies
(Cardosa et al., 1995).
7.2. JEV isolated from mosquitoes in Selangor in 1992
In May 1992, a human JE case was reported in Kampong Pasir
Panjang in the district of Sabak Bernam in Selangor (Vythilingam et al.,
1993). Vytilingam and colleagues collected samples of the female
mosquitoes in Sabak Bernam from May to November 1992
(Vythilingam et al., 1995). A total of 16 JEV strains were isolated from
Cx. tritaeniorhyncus (3 pool samples), Cx. vishnui (4 pool samples), Cx.
bitaeniorhynchus (3 pool samples), Cx. sitiens (1 pool samples), Aedes
butleri and Ae. albopictus (1 pool sample) and Cx spp. mixture (3 pool
samples) (Vythilingam et al., 1994, 1995). At the same time, JEV was
also isolated from pooled samples of pf Ae. butleri, Ae. albopictus, Cx.
bitaeniorhynchus and Cx. sitiens (Vythilingam et al., 1995).
Simultaneously, Vythilingam also reported isolation of 45 JEV
strains from mosquito pools including Cx. tritaeniorhynchus, Cx. gelidus,
Cx. fuscocephala, Ae. hutleri, Cx. quinquefasciatus, Ae. lineatopennis, and
Ae. cancraedes collected from Sungai Pelek, Sepang district, which is
near the Bukit Pelanduk, Negeri Sembilan pig farming area, between
January 1992 and December 1993 (Vythilingam et al., 1997).
7.3. Serian, Sarawak-1992
An outbreak in Serian, Sarawak was reported in 1992 with 10 cases
and 3 deaths (International Society for Infectious Diseases, 1999f)
(Fig. 4). However, there are no other data available regarding outbreak
in Serian, Sarawak. Some studies indicated that JEV and antibodies
Fig. 3. The map of Langkawi shows the case of JE in Kuah and Padang Matsirat.
Fig. 4. Map of Sarawak; there places were reported with human JE cases,
Kuching, Serian and Land Dayak Village.
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were circulating in the 1960’s before the outbreak in 1992 (Simpson
et al., 1970b; Bowen et al., 1975).
7.4. Perak and Seremban-1998–1999
JE outbreaks in Perak and Seremban are important outbreaks in the
history of JEV and Nipah viruses in Malaysia. Both viruses originated
from Perak and then spread to Seremban (Chua, 2003) (Fig. 5). The
Bukit Pelanduk, Seremban pig farm was once the largest pig farm in the
country (Amal et al., 2000). Bukit Pelanduk pig farms had workers
supplemented by migrant workers from Bangladesh, India, and Nepal.
They raised pork for local consumption and export to Singapore and
Hong Kong (Ng et al., 2009). Tambun, Perak has also become famous
for pig and chicken farming. This practice continued until the turn of
the century when JE smashed into this district. Before the JE outbreak
in Perak, it was the second largest pig producer with 318 farms and a
swine population of 609,091 in 1998. However, after the outbreak,
Perak fell to 387,438 pigs in 190 pig farms, mainly in Kinta valley, with
77 farms within a 10-km radius from Ipoh. Three places in Kinta dis-
trict, including Tambun, Ampang and Ulu Piah had the maximum
number of JE cases in Perak (International Society for Infectious
Diseases, 1998a). In November 1998, a pig farmer was the first victim
of JE outbreak in Perak. The victim showed clinical signs of high fever
(40–41 °C), headache, and drowsiness, followed by coma before sudden
death. Cerebrospinal fluid (CSF) samples from the victim were sent to
the Institute for Medical Research for confirmation of JEV infection
(International Society for Infectious Diseases, 1999a). Serological test
was used to detect IgM in JE cases in early 1999. Beside this, the Perak
Veterinary Services Department reported that there were no cases of
animals which were seropositive for JEV. Interestingly, in 1999 an
outbreak of Nipah virus was first thought to have been due to JEV, and
indeed there were some confirmed cases of JE before the Nipah out-
break, leading to a local program of vector control and JE vaccination.
However, the occurrence of cases of encephalitis in vaccinated in-
dividuals and the death of significant numbers of pigs indicated that
another agent was responsible and later found out to be Nipah virus
(Mackenzie et al., 2007). In the mid-2000s, pig blood samples were
collected from 160 farms and sent to the Veterinary Research Institute
(VRI) to test using enzyme-linked immunosorbent assay test (ELISA).
The positive JEV samples were sent to the Australian Animal Health
Laboratory in Geelong, Australia for a serum neutralization test (Arkib,
2000; International Society for Infectious Diseases, 1999b). Table 1
show timeline of JE cases in Perak and Seremban.
8. Cohort 7: 2001–2010
8.1. Kelantan (2006)
Five JE cases were identified in separate villages in north eastern
state of Malaysia; Kelantan (International Society for Infectious
Diseases, 2006). In the first case, a 13-year-old girl died of JE in Tanah
Merah (International Society for Infectious Diseases, 2006). The girl
suffered from high fever, headache and discomfort, all symptoms in-
dicated towards JEV infection. At the same time, another girl 13-year-
old from Tanah Merah died due to JEV infection and her father and 5-
year-old brother were also confirmed to have JEV infection at the Raja
Perempuan Zainab II Hospital in Tanah Merah, Kelantan. The firth case
was a 27-year-old woman who was infected with JE virus. The JE was
last reported in Kelantan in 1995; however, data is not available in this
case (International Society for Infectious Diseases, 2006).
9. Cohort 8: 2011–2017
9.1. Pulau Penang and Sarawak (2014)
Three cases of JE were reported in Penang in 2014 from different
areas. Two cases were from George Town and Bagan Jermal in north
Seberang Perai. The third case was reported in Tasek Gelugor. There are
no pig farms in George Town and Bagan Jermal. The Penang
Department of Veterinary services collected blood samples from 20 pig
farms in Kampung Selamat, Tasek Gelugor which are located within
1 km radius from the school where the 12-year-old boy was confirmed
of JEV infection (Chu, 2014). However, test results were negative from
200 blood samples from 20 pig farms in Kampung Selamat and Se-
berang Perai (Chu, 2014).
In 7th July 2014, 17 JE cases were reported nationwide consisting
of 8 JE cases from Sarawak, 4 cases from Sabah, 3 cases from Penang,
and one case each from Selangor and Kelantan. Overall four were fatal
(International Society for Infectious Diseases, 2014). Deaths reported in
Sabah due to JE involved a two-year-old child from Kota Kinabalu and
another from Tuaran (Malay, 2014). Overall 47 and 36 JE cases were
reported nationwide in 2014 and 2015, respectively (World Health
Organization, 2017).
In 2016, three JE cases were reported in Negeri Sembilan, Jelebu
and Kuala Pilah (Nur Aqidah Azizi, 2016). In 2017, WHO reported that
Malaysia had 59 JE cases documented in 2016 (World Health
Organization, 2017). At the same time, seroprevalence study among
companion animals and livestock in Malaysia was conducted in 2017.
Dog’s showed a higher seroprevalence rate of 80% followed by pigs and
cattle with 44.4% and 32.3%, respectively (Kumar et al., 2017)
10. Diagnostic methods used in Malaysia
Molecular assay based detection of JEV antigen is widely used in
Malaysia. Blood samples are used for the detection of JEV antigen. In
veterinary perspective, the animal sera were used in detection of JEV.
However, a study in India showed that the sensitivity of PCR for de-
tection of JEV in the human cerebrospinal fluid (CSF) was 65% (Kabilan
et al., 2004). Blood and CSF samples were tested for viral RNA con-
firmation. However, in Malaysia, CSF is used for ELISA (detection of JE
virus-specific IgM), haemagglutination-inhibition or virus neutraliza-
tion assays tests. Nevertheless, patients must not have any history of
recent yellow fever vaccination, meaning that cross-reactions to other
Flaviviruses are excluded. Detection of specific JE-IgM in serum and CSF
is the most ordinarily used method for diagnosing JEV in suspected
cases. Typically, in 75%–90% of JE cases, specific JE-IgM are detected
within 10 days after illness. Lowry et al. (1998), reported that detection
of specific JE-IgM in CSF revealed about 30% to 67% negative results in
every sample (Lowry et al., 1998). However, by comparing the results
reported by Chanama et al. (2005), patients from Thailand have shown
Fig. 5. Spread of JEV from Perak, Tambun to Negeri Sembilan which is almost
267 km away.
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that IgM detection in CSF indicated positive results as compared to the
serum samples (Chanama et al., 2005). The CSF samples can be 100%
positive by day 7, but the serum samples do not show positive results
until day 13 (Mackenzie et al., 2007). JE infection may be asympto-
matic and can concurrently occur with other infections antigens causing
central nervous system symptoms like West Nile encephalitis (Sejvar,
2007). Sometimes serological tests for JE infection may not be correct
in indicating JE, with false positives caused by crossing with other
Flavivirus (Sejvar, 2007).
11. JE vaccination programmer in Malaysia
The JE vaccination was introduced in July, 2001 to reduce the
number of JE cases in Malaysia (Wong et al., 2008). However, the
vaccination was only practiced in Sarawak. The formalin-inactivated
mouse derived JE vaccine (Biken, Japan) is used in Malaysia (Impoinvil
et al., 2013). The vaccine is given at 9 and 12 months followed by
boosters at 18, 54, 96, 132 and 180 months (Wong et al., 2008;
Impoinvil et al., 2013) (Fig. 6).
12. Possible transmission of JEV in Malaysia
12.1. Pig farms development
Pigs are considered as one of the amplifying agents for JEV. The
development of pig farms can increase the risk of JE cases. In Malaysia,
the pig population reached 1,471,308 head in 2017 and Peninsular
Malaysia had a population of 1,364,583 (Jabatan Perkhidmatan
Veterinar, 2018). However, most pig farms in Malaysia are located in
areas far from residents, schools and markets. Pig farm workers have
high risk for JEV infection. The transmission of JEV in pig populations
is not dependent on higher populations or large numbers of pig farms,
and JEV still can infect pigs even if the population is small (Rosen,
1986; Ting et al., 2004). Ricklin et al (2016), reported that JEV can be
transmitted via oronasal secretion. This causes foremost influence on
the JEV transmission in temperate countries which have short mosquito
seasons.
12.2. Paddy production
Paddy field areas are common places for mosquitos to breed,
especially Culex spp. and Anopheles spp. Some studies indicate that rice
fields in Korea are linked to mosquito population and subsequent JE
cases (Richards et al., 2010; Masuoka et al., 2010). Amerasinghe and
Table 1
Time Line of JE cases in Perak and Seremban.
Dates Cases
February to October, 1998 Perak:
- Total of 18 JE cases were reported, five cases of deaths. The 18 cases consist of pig buyer, pig farm workers, owner and their family members
(Siang, 1999).
November, 1998 Perak:
- The first JE outbreak case was reported on 4th November, 1998.
- 15 cases with 4 deaths (International Society for Infectious Diseases, 1998b).
December, 1998 Perak:
- Vaccination programs were introduced for high risk groups including pig farm workers and handlers (International Society for Infectious Diseases,
1998c).
January, 1999 Negeri Sembilan:
- The first JE suspected case was reported on 4th January, 1999 in Sikamat, Negeri Sembilan. Seven cases were suspected to be JE; three cases were
confirmed as JE with one death.
- 34 people from Sikamat, Seremban were admitted to the Seremban Hospital due to clinical symptoms of JE (International Society for Infectious
Diseases, 1999c).
- JE cases were reported in Kampung Wong Seng Chow, Sikamat and surrounding places. A 13-year old girl who worked in a pig farm in Kampung
Wong Seng Chow was a victim of JE.
- Veterinary Research Institute detected JEV in blood samples of pigs collected from Negeri Sembilan (International Society for Infectious Diseases,
1999d).
- JE vaccination programs were introduced for Seremban residents, especially children under 12 years from Bukit Pelandok.
Perak:
- Pigs in Ipoh including Tambun, Ampang and Ulu Piah were vaccinated against JE (International Society for Infectious Diseases, 1999d).
February, 1999 Perak:
- 25 JE cases were reported in Ipoh.
Negeri Sembilan and Selangor:
- Five deaths were reported in Negeri Sembilan and one case from Selangor.
Terengganu:
- 14-year-old boy from Kula Terengganu, Terengganu was confirmed to have JE (International Society for Infectious Diseases, 1999e).
March, 1999 Negeri Sembilan:
- Pigs from Kampung Sungai Nipah and Bukit Pelandok were killed to prevent JE transmission.
- Three primary schools were closed in Negeri Sembilan.
- More than 30 residents from Kampong Sungai Nipah in Bukit Pelandok were moved.
- Ten people who lived near pig farms died in Negeri Sembilan.
- Sarawak vaccinated all pigs within the area of JE confirmed cases.
- By March 1999, 107 JE suspected cases with 30 confirmed and 47 fatal outcomes were recorded.
- 7 JE suspected cases in Sikamat, Negri Seremban (2 confirmed, 5 fatal).
- 74 JE suspected cases in Bukit Pelandok, Negri Seremban (17 confirmed, 27 fatal) (International Society for Infectious Diseases, 1999d).
Perak:
- 26 JE suspected cases in Kinta, Perak (11 confirmed, 15 fatal).
April 1999 Perak:
- 6th April 1999, 26 JE suspected cases and 11 confirmed JE positive cases in Perak.
- Fifteen death cases, five cases were confirmed as JE (Siang, 1999).
Negeri Sembilan:
- 198 JE suspected cases of which 34 cases were positive for JE.
- 68 death cases of which 19 cases were positive for JE (Siang, 1999).
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Indrajith (1994), documented that the larval populations are low after
transplanting rice seedlings and the larval population will peak or de-
cline after plants reach a height of 60 cm due to extensive cover of
growth paddy plant. Cx. tritaeniorhynchus is the dominant mosquito
species in rice fields in Peninsular Malaysia as well as Cx. gelidus, An.
peditaeniatus, An. sinensis, Cx. bitaeniorhynchus and Cx. pseudovishnui
(Abu Hassan et al., 2010). Countries like Bangladesh, Cambodia, In-
donesia, Laos, Myanmar, North Korea, and Pakistan have seen an in-
crease in JEV transmission due to rice farming and a growing popula-
tion, increased number of pig farms, and lack of reconnaissance and
vaccination programs against JE (Erlanger et al., 2009).
12.3. Migratory and wild birds in Malaysia
Migration by migratory birds can be categorized into two which are
Northern and Southern Hemispheres. The migratory birds’ cycles are
dived into: (I) Breeding time May to August; (II) Southward migration
time August to November; (III) Non-breeding time December to
February; and (IV) Northward migration time March to May (Bamford
et al., 2008) (Fig. 7). Important locations for migratory birds landing in
Malaysia are found on the west coast of Peninsula Malaysia and the
eastern state of Sabah on Borneo. Pulau Bruit in Sarawak has a sig-
nificant number of migratory birds landing during non-breeding time.
There is also Kapar Power Station in Selangor and Pulau Tengah Johor
on the west coast of Peninsular Malaysia which is popular for migratory
bird landings. Papar is another place in Sabah for migratory birds
landing. Most birds are shorebirds which are potential sources for
monitoring Flaviviruses including JEV and WNV. A majority of countries
in the East Asian Australasian flyway are endemic with JEV. Most mi-
gratory bird landing areas have water bodies, especially in Kapar Se-
langor which has higher water bodies for mosquito breeding.
Birds belonging to Ardeiidae including herons and egrets are con-
sidered reservoirs of JEV (Bhattacharya and Basu, 2014). There are
three isolations of JEV from species such as Black-crowned night heron
(Nycticorax nycticorax), Plumed egrets (Egretta intermedia), and Little
egrets (Egretta garzetta) (Mackenzie et al., 2007). These birds forage in
paddy fields that are also JE vector breeding sites. In Malaysia Ardeiidae
birds such as little egret, black crowned night heron and cattle egret are
habitats in paddy cultivation areas like Parit Buntar and Tanjong
Piandang, Perak, Malaysia.
12.4. Rubber plantation
Rubber plantations are considered one of mosquito breed sites.
Dengue is epidemic in rubber plantations areas (Tangena et al., 2016).
Rubber plantations provide breeding sites in latex-collection cups, tree
holes, and water storage tanks (Thammapalo et al., 2009; Paily et al.,
2013). There is no Culex spp. population documented in rubber plan-
tation areas in Malaysia. However, in Thailand, mosquito populations
are high in rubber plantations and forest areas. High populations of Cx.
vishnui was found in Kancanaburi and Khon Kaen rubber plantations
(Sumodan et al., 2015).
12.5. Bats population
Bats are important wild animal involved in the transmission of
viruses, especially Ebola virus, Rabies virus, Lyssavirus, Marburg virus,
Nipah virus, Hendra virus and JEV (Tiawsirisup et al., 2012). There are
four JEV isolations from bats in Yunnan Province, China, two of which
are from Leschenault’s rousette (Rousettus leschenaultia), a fruit bat in
1989 and a little tube-nosed bat (Murina aurata), in 1997(Wang et al.,
2009). Bats are inclined to roost in trees, caves and roofs in residential
areas and can be close to rice fields and pig farms. These areas provide
abundant avenue for JEV transmission like mosquito-bat-mosquito to
humans or other animals. JEV can induce viremia in bats that lasts long
enough for transmission of the virus into mosquitoes. Some bats,
especially Preropus spp. are able to cross between peninsular Malaysia
Sumatra and Australia to New Guinea (Breed et al., 2006). Isolation of
NiV from P. hypomelanus in Thailand showed similarities NiV-My iso-
lated from P. hypomelanus in Tioman Island, Malaysia, which is about
960 km from Thailand National Park (Wacharapluesadee et al., 2016).
12.6. Climate change
The impact of climate change will lead to arbovirus transmission
throughout the mosquito life cycle (Impoinvil et al., 2012). The El Niño
and La Niña-Southern Oscillation (ENSO) have foremost impact on
climate change in the tropics, which highly influence transmission of
arboviruses (Philander, 1990). When temperature increases, the rate of
abrovirus infection in mosquitos will increase and the extrinsic in-
cubation time will reduce (Takahashi, 1976). This climate change also
has an impact on JEV transmission since other members of the Flavivirus
Fig. 6. The figure shows immunization schedule for children in Malaysia.
Immunization against JE is implemented only in Sarawak (Luu, 2014). HPV:
Human Papilloma Virus Vaccine, MR: Measles Rubella Vaccine, Hib: Haemo-
philus Influenzae Type B Vaccine, DTap: Diphtheria, Tetanus, and Pertussis
Vaccines, Hep B: Hepatitis B vaccine, BCG: Bacillus Calmette–Guérin vaccine.
Fig. 7. A Flyway of migratory birds in East Asian-Australasian route (Bamford
et al., 2008).
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genus, like West Nile and dengue infection have shown that change in
climate is an important driving force (Tipayamongkholgul et al., 2009;
Paz, 2015). Some studies have shown that transmission of JEV to hu-
mans is much higher during high ambient temperature with low rainfall
(Mogi, 1983). This can be explained by three core factors which are; a)
increased virus multiplication in mosquito salivary glands; b) higher
survival of immature mosquitoes through reduced maturation time as a
result of rainfall and high temperatures; and c) reduced losses of aquatic
phases as a result of low precipitation (Bi et al., 2003, 2007; Hsu et al.,
2008; Impoinvil et al., 2011). Impoinvil et al. (2013) found that 60%
vaccination effectiveness would result in larger than 30% decreased risk
of JE cases in Sarawak after monitoring the climate. This is the first
estimation of JE reduction over vaccination by including climate inter-
annual variability. This analysis also endorsed that vaccination has
significantly cut JE risk in Sarawak but this value may be overrated if
climate factors are omitted (Impoinvil et al., 2013).
12.7. Mosquito population
Vectors play an important role in the transmission of arboviruses
and the absence of mosquitos is able to prevent the transmission of
arboviruses. Several species of mosquitoes are involved in JEV trans-
mission; however Cx. tritaeniorhynchus is a primary vector for JEV in
Asian countries (Burke and Leake, 1988; Endy and Nisalak, 2002). Cx.
quinquefasciatus and Cx. tritaeniorhynchus are widely distributed mos-
quito population in Malaysia, and Selangor has a higher population of
Cx. quinquefasciatus (Low et al., 2013) and both species are important in
transmission of JEV. Some countries like Australia have reported that
Cx. annulirostris is a primary vector for JEV (Mackenzie et al., 2002). In
Malaysia, Cx. gelidus is an important vector in the transmission of JEV
among pigs (Simpson et al., 1976). JEV vectors mostly have zoophilic
feeding behavior or feed on animals as primary source of blood. Most
research has shown that mosquitoes feed on cattle, pigs, goats, deer,
antelopes and gazelles, animals classified as cloven-hoofed ruminants
(Mitchell et al., 1973; Reuben et al., 1992; Khan et al., 1997;
Mwandawiro et al., 2000). The feeding rate of mosquitoes on birds and
humans is relatively low compared with cloven-hoofed ruminant type
animals (Reuben, 1971). In humans, anthropogenic behaviors increase
the chances of exposure to JE vectors. During summer season people
sleep outside at night, increasing the risk of exposure to JEV. Besides
this, people that work at night in companies, farms, and security guards
in contracting areas also have high risk of exposure to JE vectors. Cx.
tritaeniorhynchus is active at night and other JE vector including Cx.
annulus, Cx. vishnui and Cx. pseudovishnui primarily feed and rest out-
doors (Mitchell et al., 1973; Reuben, 1971; Kanojia and Geevarghese,
2004). However, some JE vectors are still found indoors, as observed
during JE epidemic seasons (Mitchell et al., 1973). The experimental
infection proved that the Cx. tritaeniorhynchus is able to transmit JEV
early with post infection contingent on prevailing temperatures
(Impoinvil et al., 2012) and high competent JE vector especially Culex
spp. is able to transmit the JEV with low dose of virus. The virus re-
plication site in mosquitoes, the salivary gland, can be high as 104.2
SMIC-LD50/1 mL of saliva and virus diluents (Takahashi, 1976). The
female mosquitoes are able to transfer the JEV to their progeny after
infection with the virus and the female progeny can also transfer to
different hosts during blood sucking.
12.8. Other arthropods
JEV has also been isolated from other blood sucking arthropods like
Forcipomyia taiwana and Culicoides spp. in China (Wang et al., 2007).
However, the role of other arthropods in the transmission of JEV has
not been determined. This shows that other arthropods may also be
involved in the transmission of JEV among humans and animals.
12.9. Role of other vertebrates
Animals like cattle, water buffalo, sheep, goats, dogs, chicken,
ducks, cats and horses are common in Malaysia. JEV is able to infect
cattle, water buffalo, sheep, goats, dogs, raccoons, mongooses, and
chickens; however, the roles of these animals are unknown (Peiris et al.,
1993; Ohno et al., 2009; Saito et al., 2009). These animals are involved
directly in transmission of JEV and are considered ‘dead-end’ hosts.
However, some animals play indirect roles in JEV transmission. For
example, cattle play an indirect role (zooprophylaxis) due to the fact
that Cx. tritaeniorhynchus are more attracted to cattle than pigs
(Mwandawiro et al., 2000). Cattle provide a significant amount of blood
source for mosquitoes required for passive zooprophylaxis
(Mwandawiro et al., 2000). Some research has shown that zoopro-
phylaxis hosts are separated from human populations and mosquito
breeding sites, which is able to increase the vector population. Besides
this, cattle and goats are considered better indicators of JEV transmis-
sion than pigs, as cattle seroconvert less readily to infection with JEV.
Seroprevalence detection in cattle may reflect intense and repeated
infection, which may be an indicator of JE ‘spill-over’, whereas porcine
seroprevalence is an indicator of any JE activity in a given area
(Impoinvil et al., 2012).
13. Reconsideration of JE control in Malaysia
13.1. Insecticides
Control of mosquito vector has long been a serious part of the global
policy to supervise mosquito-associated diseases. Mosquito control
programs widely use insecticides. These programs assume that large
numbers of mosquitoes can be eliminated which can in turn interrupt
JEV transmission. The wide usage of insecticides like pyrethroids, or-
ganophosphates and carbamates have limited role in the control of
mosquito vectors. The effectiveness of these insecticides in controlling
vector-borne diseases is still questionable. This is because the in-
secticides only target adult mosquitoes and not younger mosquitoes or
larvae (Wang et al., 2014; Leong et al., 2018). Although adult mos-
quitoes would be killed, the young and larvae are protected from the
insecticide and in a few days they develop into adult mosquitoes to
replace their dead comrades. Additionally, the use of heavy pesticides
in rice fields will increase resistance in mosquitoes (Karunaratne and
Hemingway, 2000). This deadly pesticides exposure could prompt the
production of detoxification enzymes in mosquitoes to destroy the
pesticides (Rivero et al., 2010). Indoor mosquito spraying using di-
chlorodiphenyltrichloroethane (DDT) is also considered ineffective
against JEV vectors due to the fact that vectors like Cx. tritae-
niorhynchus, Cx. quinquefasciatus, Cx. gelidus, Cx. bitaeniorhynchus, An-
opheles subpictus and An. vagus are usually found outdoors and not in-
doors (Reisen and Milby, 1986).
14. Viewpoint of JEV in Malaysia
JE cases in Malaysia are still under control among children in
Malaysia except Sarawak. In Malaysia, pig farms are far away from
residential areas in order to avoid the smell coming from the farm and
also due to religious concerns. Most of the pig farms were relocated far
away when the farms become closer to the residential areas. This makes
the chances of JEV transmission; pig-mosquito-human cycle tre-
mendously reduced. Paddy cultivation areas are also high risk areas for
JEV transmission as reported earlier due presence of Culex tritae-
niorhyncus, a primary vector for JEV in paddy cultivation areas (Dhakal
et al., 2012). When paddy cultivation areas and pig farms are close to
each other, the transmission of JEV is higher. In Malaysia, pig farms and
paddy growing areas are not close to each other due to the involvement
of Malays in paddy production. Pig farms and paddy cultivation are
always separated and pig farms are always isolated in deeper areas in
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Malaysia. But other amplifying hosts like little egrets and plumed egrets
are frequently observed in paddy cultivation areas in Malaysia. JE is
still detected among children in Malaysia mainly in Sarawak. In Sar-
awak, the source of JEV was believed to be from wild boars. Most
people in Sarawak keep wild boars for meat. This led to a higher chance
of transmission of JEV to mosquitoes, animals, and human population
in Sarawak.
Some JE cases in Malaysia have prompted researchers to have a
rethink about the transmission of JE in humans. An outbreak reported
in Pulau Langkawi was surprising; there were neither pig farms in these
areas nor other amplifying agents. Typically, common animals like
cattle, water buffalo, cats and dogs where are not considered as am-
plifying host in the transmission of JEV, so the source of the virus re-
mains unknown. Another case reported in Tanah Merah, Kelantan in
2006 also led to questions about JE transmission in this area. There
were no pig farms in this area. However, there were paddies developing
in the area which can lead to a higher chance of breeding mosquitoes
but without the possibility of JEV transmission by the mosquitoes.
It is important to study the role of bats in JEV in Malaysia. There has
been no study of JEV in bats in Malaysia. Most studies concern cattle,
horses, dogs, sheep, cats, goats, pigs, birds, wild boar and mosquitoes.
Some studies indicated that bats may play an important role in the
transmission of JEV since JEV is able to induce viremia as long 25–30
days at a level high and is able to cross the placenta of bats (Sulkin and
Allen, 1974), and most tropical bats are able to travel less than 200 km
during shifting season (Mackenzie et al., 2008). JEV has been isolated
from bats of the families Pteropodidae, Rhinolophidae, Hipposideridae,
and Vestpertilionidae. Some studies proved that mosquito-bat-mosquito
transmission was successful at room temperature at 10 °C. This means
that bats have high potential for JEV transmission besides pigs and wild
boar in Malaysia (Mackenzie et al., 2008).
15. Conclusion
Japanese encephalitis is a major public health issue in Asian coun-
tries. Currently, JE is not considered as a major public health problem
in Malaysia except Sarawak state where the mortality rate is 9%.
Interestingly, most of the recent human JE cases in Malaysia were re-
ported only among children as compared to JE cases in 40s–90s, which
included infection of both adult and children by JEV. However, to date
all the JE cases reported in children in Malaysia were mainly in
Sarawak. The transmission of JE in Malaysia is less predictable due to
some other ecological factors and environmental conditions that are
contributing to JEV transmission in Malaysia. The route of transmission
of JEV in Malaysia is still unclear and human JE cases are still being
detected among children in peninsular Malaysia and Sarawak. Several
animal species in Malaysia including cattle, dogs, cats, birds, pigs,
horses and monkeys have been documented to possess JE antibodies.
Even though pigs may play core role in transmission of JEV in Malaysia,
some of the human JE cases were reported in areas without any pig
farms, such as JE outbreak in Pulau Langkawi in 1974 and JE cases in
Kelantan in 2006. In Sarawak, the human JE cases were reduced after
introduction of JEV vaccination among children. This may be raising a
strong surveillance with a good immunization program. Execution of a
vaccination program for children as well as improved vector control,
isolation of pig farms from paddy cultivation areas and residential
areas, and agricultural activities can decrease JE cases in Malaysia.
Although the JEV infection is not a critical issue in peninsular Malaysia,
perhaps JEV is circulating among reservoirs especially bats, birds and
other animals in peninsular Malaysia since there is reoccurrence of
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